The demand for sustainable alternative construction materials to cement in modern technology cannot be underemphasized. This paper presents a non-fired green brick with an agriculture residue namely, rice husk. Although, high plasticity brown clay deposits are widely distributed in Malaysia and rice husk is a well known agriculture residue, research works on non-fired green brick with rice husk are relatively scarce. This research aims to investigate the strength development in non-fired bricks containing various amounts of rice husk. To achieve such aim, compression and flexural tests were conducted to evaluate compressive and flexural strengths of non-fired bricks. A series of brick specimens were cast with varying rice husk percentages. The test specimens were naturally sun dried. The effects of rice husk percentage (9-15%) and drying age (1, 7, 14, 21, and 28 days) on Atterberg limits; compressive strength; water absorption and flexural strength were investigated. The results indicate that, 12% rice husk is the optimum content to reach maximum 28-day compressive and flexural strengths of 10.4 MPa and 3.5 MPa, respectively. The results further showed that rice husk higher than 12% leads lower strength than control bricks for all the ages. In summary, it has been observed that rice husk enables a rapid strength development, enhancing the compressive and flexural strengths of the bricks. The results developed in this research work can contribute a cost-effective design of non-fired green brick as a sustainable building material.
INTRODUCTION 1
The increase in the demand for low cost and environmental friendly building materials has imposed the investigation of the materials which affirmed in the standard [1] . Agricultural residue is extracted from organic source like rice straw. With regard to this, rice husk (RH) is an alternative material that has a great potential. Rice husk (RH) is one of the most commonly available lignocellulosic materials [2, 3] . The agricultural residue in the form of rice husk is available in many countries. Based on the research works that conducted by Fattah et al. [2] and Agbede and Joel [3] , during the milling process of paddy grains approximately 78% of weight is received as rice and 
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22% is received as husk. According to Fattah et al. [2] , there are two different methods for soil improvement, namely soil modification and soil stabilization or both. During soil modification (i.e. addition of cement, lime, aggregates, etc. to host soil) the index properties of the soil will be changed. Besides, soil stabilization can be achieved with treatment of host soil to enable its strength and durability. Basically, brick manufacturing requires appropriate clay. In general, brownish-bronze, reddish-brown, and natural soft clay are suitable for brick producing. Such soils have high plasticity, which makes them to be molded when mixed with water. It should be noted that the suitable clays for brick manufacturing require adequate wet and air-dried strength to preserve its shape after forming. In this research, rice husk as an additive was used to produce non-fired bricks. The advantages of non-fired brick production is expected to help the realize targets of the green growth strategy such as reducing pollution [4] .
Previous researches were tried to incorporate different ashes such as fly and biomass ashes as well as various wastes such as foundry sand, steel dust and glass waste to design green bricks [5] [6] [7] [8] . According to the Brick Development Association [9] and Javadpour et al. [10] , a brick is building material used to make walls, pavements and other elements in masonry construction. So far, the strength development in non-fired brick containing rice husk has not completely investigated. Therefore, it is crucial to examine the compressive and flexural strengths of non-fired bricks for the costeffective and reliable producing of building materials. The main goal of this research is to determine the compressive and flexural strengths of non-fired brick containing rice husk. In addition, Atterberg limits and water absorption of the brick specimens were examined.
EXPERIMENTAL STUDY

1. Materials
The soil sample from Infrastructure University Kuala Lumpur (IUKL) in the state of Selangor, Malaysia was used in this paper. The basic laboratory tests on the natural soil showed that the soil was in high plasticity, high compressibility and had a moisture content of 56%. The pH and specific gravity of the natural soil sample was discovered to be 8.1 and 2.68, respectively. This implies that the soil is in alkaline state. The particle size distribution curves of brown clay and rice husk are shown in Figures 1 and 2 . Besides, rice husk residue was obtained from a rice mill at Sangar by-pass road, Sangar district in Guilan, Iran. Generally, rice husk is a by-product of the rice that could be converted to fuels and feed stocks through thermochemical processes [11] . The physico-chemial properties of the rice husk are tabulated in Table 1 . Based on Table 1 , the rice husk obtained from Sangar, Guilan, Iran has a moisture content of about 4%. The rice husk used for the research work is indicated in Figure 3 . Based on manufacturer information, during milling process of paddy approximately 77% of weight is obtained as rice and broken rice. Rest 23% of the weight of paddy is obtained as husk. 
Methodology
The test specimen preparation initiated with the addition of different percentages of rice husk (3, 6, 9, 12, and 15% of dry mass of soil) to the air-dried soil. As such, rice husk was mechanically mixed with dry soil and water content was added to soil-rice husk mixture. All the test specimens were prepared at 30% water content which is yielded the highest compressive strength ( Figure 4 ). Prior to casting, the air-dried soil was mechanically mixed with water in a pan in order to achieve a uniform soil admixture. The soil admixture was transferred to the mould with dimensions of 215×102×65 mm. The mixing and casting was completed in less than 1 hour. Previous researches have been reported two different technologies for preparing non-fired bricks namely, high pressure press-forming and autoclaving-curing process [12] [13] [14] [15] [16] [17] . In the former, the bricks were press- The two latter processes impose high energy intensive and high brick cost. To promote the recycling of rice husk via the non-fired green brick and to have a costeffective production, this study proposed only the naturally sun dried process. The demoulded specimens were dried in the sun for 1, 7, 14, 21, and 28 days at the ambient temperature of 33°C. The flowchart of nonfired brick preparation process is illustrated in Figure 5 . Besides, the water content required for the brick producing was optimized. With regard to that, various non-fired bricks were produced at different water contents. The test specimens were sun dried for 28 days and after that immediately tested under compression tests. The water content corresponding to the maximum compressive strength was chosen as optimum water content ( Figure 4 ).
TESTING PROGRAM
Flexural center point loading and compression tests on non-fired brick specimens were carried out in accordance with ASTM C293 and ASTM C67, respectively. According to ASTM C67, the purpose of compression test is to evaluate compressive strength of the test specimen. The mould was used for compression test has dimensions of 215×102×65 mm. Before casting, the inner surface of the mould was lightly lubricated to prevent the specimen from being damaged while removing it from the mould. Next, the mould was assembled and the soil admixture was tamped into the mould. The test specimen was placed centrally on the platens of compression apparatus. After that, compression test was performed on the test specimen. The axial load was increased at a rate of 1% strain per minute and the load displacement curve was plotted ( Figure 6 (d) ). The flexure test method measures behavior of materials subjected to simple beam loading. In flexure 3-point test the area of uniform stress is quite small and concentrated under the center loading point. A flexure test produces tensile stress in the convex side of the specimen and compression stress in the concave side. This creates an area of shear stress along the midline. To ensure the primary failure comes from tensile or compression stress the shear stress must be minimized. This is done by controlling the span to depth ratio; the length of the outer span divided by the height (depth) of the specimen (ASTM C293). Aside from strength tests, the aim of water absorption test is to determine the percentage of water absorption of nonfired bricks. For this purpose, the test specimens were dried in a ventilated oven at the temperature of 105°C to 110°C. The test specimens were cooled to room temperature and weighed (M1). Then, dried specimens completely immersed in clean water at a temperature of 27+2°C for 24 hours. The specimens removed from water and wipe out any traces of water with damp cloth and weighed again after their have been removed from water (M 2 ). The water absorption, % by mass, after 24 hours immersion in cold water is given by the Equation (1). The test method is based on ASTM C20-00. In addition, Atterberg limits including liquid limit, plastic limit and plasticity index were examined in accordance with ASTM D4318.
(1)
RESULTS AND DISCUSSION
The variations of Atterberg limits with addition of rice husk to the soil sample are illustrated in Figure 7 . As shown in Figure 7 , the plastic limit of the soil specimens generally increased with increasing rice husk content up to 12%. Though the liquid limit curve follows a discernible trend, a tendency to approach a constant liquid limit can still be observed. This can be due to the water sorptivity behavior of rice husk when added to the soil sample which is resulted an increase in plastic limit of the soil specimens. The similar trend and behavior of Atterberg limits can be found in the research that conducted by Agbede and Joel [3] . From Figure 6 , it can be observed that the plasticity index decreased from 27% to 19% at 9% rice husk. An abrupt decrease in plasticity index implies a sign of improvement of the index properties of the soil sample during rice husk addition.
The results of compression tests on non-fired brick without rice husk are specified in Table 2 . The length and width of each brick are shown in the table. It is necessary to note that in this section the test specimens were tested after 24 hours sun drying. The failure mechanism and stress-strain curve of the brick specimen under normal pressure can be observed in Figure 6 (c and d), respectively. The average value of compressive strength of 5 brick specimens was determined to be 2.90 MPa which is relatively low when compare to that of reported by Agbede and Joel [3] . The graphical relationships of compressive strength versus aging for both unreinforced and reinforced brick specimens with rice husk fibers are shown in Figure 8 . After inspecting the figure, it was observed that there was a significant improvement in the 28-day compressive strength of the test specimen which reinforced with 12% rice husk. The highest compressive strength of the non-fired green brick with 12% rice husk after 28 days drying in the sun was determined 10.4 MPa. The positive results indicate a progressive improvement in the compressive strength of the test specimen. Also, it was noticed that the addition of 12% rice husk to host soil of the non-fired brick improved the 28-day compressive strength by almost 1.6-fold. The subsequent raise in the compressive strength with addition of rice husk up to 12% is attributed to the role of rice husk fibers as reinforcement for brown clay. The rice husk fibers create cementation links among the soil particles which increase its compressive strength and improve the soil matrix.
The results of water absorption tests on non-fired brick without rice husk fibers are shown in Table 3 . Based on Table 3 , the average value of water absorption for 5 test specimens was determined to be 10.89%. In addition, the relationships between water absorption of the non-fired bricks and various percentages of rice husk fibers were plotted in Figure 9 . From Figure 9 , it can be seen that the lowest water absorption is corresponding to the non-fired brick with 6% rice husk. The flexural center point loading test results of the nonfired brick without rice husk fibers after 24 hours are tabulated in Table 4 . Based on Table 4 , the average value of flexural strength of 5 test specimens is 0.37 MPa. The rather low flexural strength is due to early drying age of the bricks which required more sun drying. The relationships between flexural strength and drying age are established in Figure 10 . The increase of rice husk addition is directly associated with increase of flexural strength of the non-fired bricks. Only for 15% rice husk addition the flexural strength decreased. This may be due to addition of 3 to 12% rice husk to clay which strengthened the clay to withstand flexural load. Whereas, the high contents of rice husk fibers weaken the ability of the clay to withstand flexural stress. In that sense, rice husk fibers create weak planes in the soil pastel which fasten the failure under flexural load. The maximum flexural strength was found to be 3.5 MPa which is corresponding to the non-fired brick with 12% rice husk after 28-day sun drying. Results show that the flexural strength of the non-fired brick with 12% rice husk improved by almost 2.2-fold. Therefore, the optimum content of the rice husk is 12%.
CONCLUSIONS
It can be concluded that the non-fired green brick containing rice husk was successfully produced based on the results of laboratory tests on the test specimens.
From the results of this research, the following conclusions are drawn:
(1) The non-fired green brick has been successfully produced in the laboratory. The optimal content of the rice husk was found to be 12%.
(2) The non-fired green brick with 12% rice husk has the highest 28-day compressive and flexural strengths of 10.4 MPa and 3.5 MPa, respectively. (3) There is a significant improvement in term of strength of the non-fired green brick at the optimal content of the rice husk. The compressive and flexural strengths of the test specimens are 1.6 and 2.2 times greater than that of without rice husk. (4) Addition of high contents of rice husk (i.e. more than 12%) leads to reduction of the compressive and flexural strengths of the test specimens.
(5) It can be concluded that the rice husk fibers created cementation links among the soil particles which contributed an improvement of the soil matrix. In summary, a notable discovery is that the non-fired green brick can be sustainably utilized as a building material.
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